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Abstract: Lorlatinib, a third-generation anaplastic lymphoma kinase (ALK)/receptor tyrosine kinase
inhibitor (ROS1), demonstrated efficacy in ROS1 positive (ROS1+) non-small cell lung cancer
(NSCLC), although approval is currently limited to the treatment of ALK+ patients. However,
lorlatinib-induced resistance mechanisms, and its efficacy against the resistance mutation G2032R
in ROSI, respectively, have not yet been fully understood. Furthermore, concomitant tumor
suppressor gene p53 (TP53) mutations occur in driver alteration positive NSCLC, but their
prognostic contribution in the context of ROS1 inhibition remains unclear. Here we report a ROS1+
NSCLC patient who developed an on target G2032R resistance mutation during second-line
lorlatinib treatment, indicating the lack of activity of lorlatinib against ROS1 G2032R. The resistance
mutation was detected in plasma-derived ctDNA, signifying the clinical utility of liquid biopsies.
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1. Introduction

Activating translocations in the c-ros oncogene 1, receptor tyrosine kinase (ROS1),
provides a therapeutic target in 1-2% of all non-small cell lung carcinoma (NSCLC)
patients [1,2]. The clinical features of these ROS1+, treatment-naive stage IV NSCLC
patients do not differ significantly from other driver mutation positive cohorts. The most
common metastatic site is the central nervous system (CNS) [3]. The clinical course of
ROS1+ patients is usually deemed to be favorable. With the multitarget ALK/MET/ROS1-
inhibitor crizotinib, which received FDA approval in 2016 and became the standard of
care, a median PFS of more than 13 months can be reached. A clinical hallmark of ROS1+
patients is an increased risk of thrombotic diathesis, the reason for which is so far poorly
understood.

Crizotinib in most patients with ROS1+ NSCLC leads to a therapeutic response;
however, in analogy to other TKI's, relapse ultimately occurs and on target resistance
mutations can be identified in 30-50% of patients, of which the most frequent resistance
mutation is the G2032R [4,5]. Preclinical data suggest lorlatinib is active against ROS1
G2032R [6], and demonstrates excellent intercranial activity in patients [7]. Therefore,
lorlatinib has become a second-line option following disease progression under crizotinib
[8]. However, while the IC50 of lorlatinib against WT ROS1 is 0.7 nmol/L, the IC50 against
G2032R is 196.6 nmol/L. This is different to the analogous ALK resistance mutation, where
the IC50 is 49.9 nmol/L against G1202R, while 2.3 nmol/L in WT [4,5]. Therefore, it is
conceivable that the concentrations of lorlatinib in vivo might not suffice to block ROS1
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signaling. Consistent with this preclinical observation, lorlatinib did not show clinical
activity against G2032R in a small cohort [9] and the G2032R mutation persisted in the
patients treated with lorlatinib. Recently, G2032R was discovered in vitro in entrectinib-
and lorlatinib-resistant clones, and a similar mutation, G2032K, in a lorlatinib-treated
patient, suggesting G2032X is an acquired resistance mutation [10,11]. To our knowledge,
the acquisition of a ROS1 G2032R during treatment with lorlatinib has rarely been
reported; nevertheless, it is not unknown: similarly to our case, in a study of 55 patients,
G2032R was absent in one patient’s post-crizotinib sample and emerged after the lorlatinib
treatment [5].

Mutations in the tumor suppressor gene p53 (TP53) are the most common mutations
found in NSCLCs and co-occur in about 30% of NSCLC patients with ALK and ROS1
translocations [12]. The negative impact of co-mutations such as TP53 mutations on PFS
and OS has been demonstrated in a small series of ROS1 patients and these data are
consistent with ALK+ and EGFR mt+ patients [13,14]. When receiving crizotinib,
concomitant TP53 mutations in ALK-rearranged NSCLC patients have been associated
with unfavorable survival, a reduced response and shorter progression free survival (PFS)
in multiple studies [12,15-19]. Data on crizotinib sensitivity and TP53 co-mutated and
ROS1-positive NSCLC are limited. One retrospective multicenter study of 94 lung cancer
patients with ROS1 rearrangements, in which 33% carried a concomitant TP53 mutation,
correlated with worse PFS (median, both NR, p = 0.0417) [20]. In addition, in a German
study of lorlatinib-treated ALK- and ROS1-positive NSCLC patients, TP53 mutations
were associated with a threefold lower PFS of 3.7 versus 10.8 months [12]. However, the
impact of concomitant TP53 mutations in this setting requires evaluation in prospective
clinical trials.

At the time of disease progression during targeted treatment, the accurate
identification of resistance-related genetic alterations is crucial for patient management.
However, repeated tissue biopsies of progressing tumor manifestations are not always
feasible, and they might not reflect tumor heterogeneity at different sites. Liquid biopsies,
conversely, have been recommended for resistance monitoring and the molecular testing
of patients with metastatic NSCLC in cases where tissue samples may be insufficient or
not available [21].

Approximately 15% of advanced lung adenocarcinomas develop venous
thromboembolic events all along the course of the disease. This risk might increase due to
molecular subtypes: thromboembolic events have been described in both ALK and ROS1
translocated patients and thus are one of the most eminent symptoms leading to diagnosis
and contributing to mortality [22]. The incidence of venous thromboembolic events all
along the course of the disease in advanced-stage lung adenocarcinomas is approximately
15%. It is plausible that the different molecular subtypes might influence the risk of
thrombosis [23].

In this case report, we present a lung adenocarcinoma patient with a CD74-ROS1
fusion and an inactivating TP53 co-mutation at diagnosis. We show that the ROS1
resistance mutation G2032R, which was not demonstrated at the start of second-line
treatment with lorlatinib, emerged while on lorlatinib treatment. In addition, we highlight
the clinical utility of liquid biopsy-based hybrid capture NGS.

2. Case Presentation

A 42-year-old, light smoker (9 pack/years), female patient presented in February 2021
with advanced adenocarcinoma of the lung, stage IV (T1cN3M1c (HEP, OSS, PLE, LYM)
(Figure 1). Complications were a deep venous thrombosis and a pulmonary embolism.
While on therapeutic anticoagulation, the patient developed multiple intracerebral
infarcts necessitating treatment with both low molecular heparin and ASS. Due to limited
and sparse FFPE tissue, the initial molecular diagnostic was performed using PCR-based
methods covering the hotspots in EGFR, KRAS and BRAF and immunohistochemistry
analysis (IHC) for PD-L1, ALK and ROSI. The initial analysis resulted a PDL-1 status TPS:
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80% and high ROS1-expression in the cytoplasm of tumor cells. The patient started to
receive crizotinib treatment on the 24th of February 2021 based on the positive IHC result.

One day later, the hybrid capture-based NGS analysis (HC-NGS) was reported on a
pre-therapeutically taken pleural. The analysis confirmed the initial IHC-based diagnosis
of ROS1 positivity and revealed a CD74-ROSI1 translocation (C7:R34) and an additional
nonsense mutation in TP53.

Eight weeks after the start of crizotinib, a CT scan revealed good partial remission of
all tumor sites. However, 4 months after the start of crizotinib therapy, the patient
progressed, in particular with histologically confirmed hepatic metastases. Because of the
liver being the fastest progressing site, a liver biopsy was taken. Molecular analysis of this
tumor site in June 2021 by HC-NGS confirmed the initial genetic alterations with no
further resistance mutations. In particular, G2032R was not detected. At this time the
patient had a fibrinogen as low as 65 mg% and an AT III of 40%; therefore, ASS was
paused and heparin was reduced to half dose. The patient was switched to lorlatinib on
the 28th of June 2021. Hypofibrinogenemia and low AT III recovered to normal values
within 7 days and the patient showed a good response after 4 weeks.

Two weeks later (August 2021), after the initial PR on lorlatinib, the patient
progressed again massively in the liver with a liver now reaching in the pelvic region. Due
to hypofibrinogenemia, a liver biopsy was deemed to be too risky and a liquid biopsy was
performed. Hybrid capture NGS confirmed the previously known ROS1 translocation and
TP53 mutation as well as a novel ROS1 p.G2032R resistance mutation. At this time
hypofibrinogenemia and low AT III developed again. A first cycle of chemotherapy with
pemetrexed and carboplatin was started; however, the patient died of multiple
intracerebral thromboses.

fFebruary
2021

) /]une ) /August )
2021 2021

e Pleural effusion
¢ 1st NGS: CD74-ROS1, TP53*
* Absent G2032R

¢ Hepatic metastases, FFPE
*2nd NGS: CD74-ROS1,
TP53*

¢ Liquid biopsy
*3rd NGS: CD74-ROS1,
TP53* and

e Start of crizotinib ¢ Absent G2032R *G2032R detected
e Switch to lorlatinib e Patient deceased during 1st
cycle of chemotherapy with
Pemetrexed and
p \ p L Carboplatin /

Figure 1. Summary of treatment plan and performed diagnostics.

3. Discussion
3.1. Thrombotic Diathesis and Clinical Course

The patient showed thrombotic diathesis and disseminated intravasal coagulopathy
with low fibrinogen and AT III at first and second relapse. While the reasons for this
hemostaseologic anomaly have not yet been elucidated, fibrinogen and AT III were
recovered within 7 days indicating that the hemostaseologic disorder depends on the
activity of the tumor and that it is reversible if the tumor responds to therapy.

3.2. G2032R Resistance Mutation Development under Lorlatinib

The ROS1 p.G2032R mutation is well known to be selected under treatment with
crizotinib, while it has so far only been described in single cases with a ROS1-activating
fusion to emerge under lorlatinib’s selective pressure. Additionally, this patient showed
massive thrombotic diathesis at diagnosis, which increased during the clinical course of
the disease, leading ultimately to death.

The TP53 mutation (Figure 2) and the CD74-ROS1 translocation were detected in all
three analyses by HC-NGS, providing evidence for the stability of the driver mutation.
The other tumor sites (lymph nodes, lung, pleura) were in stable remission. The quality
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criteria for the clinically relevant regions were met [24,25]. The G2032R was not detected
in the liver metastasis, which was the fastest progressing tumor site at first relapse (2nd
NGS); however, it was detected in the plasma (3rd NGS) when the patient progressed on
lorlatinib with the leading site again being the liver (Figure 2). Although it cannot be
formally ruled out that the G2032R mutation may have stemmed from a different tumor
site than the liver, it is highly improbable given the high allelic frequency of 11% at the
second relapse. Since no supporting read of the G2032R was detected in the second NGS
from the liver biopsy, the mutation most probably developed during therapeutic pressure
of lorlatinib and became detectable 6 weeks later at the time of liquid biopsy.
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Figure 2. Single nucleotide variants detected with NGS during resistance development. Initial
diagnosis detected NM_001126112.2:c.916C > T (p.(R306 *)) mutation in TP53 with a variant allelic
frequency (VAF) of 6% at a tumor cell content (TCC) of 70%. It has been confirmed in the second
biopsy from the liver 4 months later (TP53 VAF:12% at TCC:30%). Neither 1st, nor 2nd NGS showed
the presence of a G2032R resistance mutation in ROS1. Five months after the initial diagnosis, liquid
biopsy confirmed TP53 mutation (VAF:19%) and revealed the NM_002944.2: c.6094G > A
(p-(G2032R)) resistance mutation (VAF:11%) in ROSI.

3.3. The Clinical Utility of Liquid Biopsy

For resistance monitoring the appropriate selection of an analysis method is crucial.
NGS sequencing of tissue material provides high resolution molecular profiling;
nevertheless, it might miss the representation of tumor heterogeneity or metastatic
development [26,27]. In contrast, a liquid biopsy can represent tumor heterogeneity or
detect multiple synchronous primaries; however, it strongly depends on the sample
quality [28,29]. In this case report, by comparing the clinical utility of the second and the
third NGS analyses, especially considering the non-invasiveness of blood-based testing,
the advantages of a liquid biopsy are shown, as it clearly identified both the driver event
and the resistance mutation.

3.4. TP53 as a Poor Prognosis Biomarker

The patient received crizotinib treatment in the first line of treatment and therapy
was switched to lorlatinib after 4 months. Comparing the 4 months of our patient on
crizotinib to the 22.4 months reported in the PROFILE001 study [30], she progressed
dramatically fast. One of the reasons for fast progression may be the inactivating TP53
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mutation, as such alterations might represent an intrinsic mode of TKI resistance and are
suggested to have a negative predictive and prognostic role in ALK+ [12,18,31], as well as
in EGFRmt+ NSCLC [13,14].

3.5. Therapeutic Options after G2032R

For patients that carry the ROS1 resistance mutation G2032R, therapeutic options are
limited after lorlatinib therapy. Ceritinib, brigatinib, ensartinib and entrectinib have failed
to demonstrate preclinical activity against the G2032R resistance mutation [2], and due to
its toxicity, cabozantinib might not be preferred [32]. Lately, two promising novel drug
candidates have emerged and might provide therapeutic options for ROS1+ patients with
a G2032R mutation: repotrectinib (TPX-0005) and taletrectinib (DS-6051b, AB-106)
showed potent preclinical activity [32-34] and are currently being evaluated in the
TRIDENT-1 and TRUST-II clinical trials.

4. Conclusions

Here we report on a patient with a ROS1 translocation who developed a G2032R
resistance mutation rarely observed under treatment on lorlatinib and detected by liquid
biopsy. The patient’s clinical course was extraordinarily rapid highlighting that ROS1
translocations do not always purport a favorable prognosis, potentially due to
concomitant TP53 mutation and the most prominent thrombotic diathesis. Further
analyses should be undertaken to investigate the causes underlying this patient’s
pathomechanism of disseminated intravasal coagulopathy. Whether TP53 mutations and
thrombotic diathesis in and off themselves confer an inferior outcome should be
prospectively elucidated.

Author Contributions: Conceptualization, B.J., M.F., L.C.H. and F.G.; methodology and software,
P.W.; formal analysis and validation, B.]., LH. and P.W.; investigation, F.G; resources, M.T., L.C.H.
and F.G.; data curation, P.W. and LH.; writing—original draft preparation, B.].; writing—review
and editing, M.F., L.C.H. and F.G,; visualization, B.J.; supervision and funding acquisition, M.T.,
L.C.H. and F.G.; project administration, L.C.H. and F.G. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of University of Oldenburg (FP-
Project 2014-1).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author upon reasonable request.

Conlflicts of Interest: M.T. has received honoraria for consulting and/or lectures from Astra Zeneca,
Boehringer Ingelheim, BMS, MSD, Novartis, Lilly Oncology, Roche, Takeda. M.F. has received
honoraria for consulting and/or lectures from Astra Zeneca, Boehringer Ingelheim, Roche, Novartis.
L.C.H has an advisory role to Agilent, Roche, Astra Zeneca, Lilly, Bayer, Smart in Media. F.G. has
disclosures from Abbvie, AstraZeneca, Boehringer Ingelheim, Bristol Myers Squibb, Celgene,
Chugai, Lilly, Medac, Merck, MSD, Novartis, Pfizer, Roche and Takeda. All other authors declare
no conflicts of interest.

1.  Guaitoli, G.; Bertolini, F.; Bettelli, S.; Manfredini, S.; Maur, M.; Trudu, L.; Aramini, B.; Masciale, V.; Grisendi, G.; Dominici, M.;
et al. Deepening the Knowledge of ROS1 Rearrangements in Non-Small Cell Lung Cancer: Diagnosis, Treatment, Resistance
and Concomitant Alterations. Int. J. Mol. Sci. 2021, 22, 12867. https://doi.org/10.3390/ijms222312867. PMID: 34884672; PMCID:

PMC8657497.

2. Lin, JJ; Shaw, A.T. Recent Advances in Targeting ROS1 in Lung Cancer. ]. Thorac. Oncol. 2017, 12, 1611-1625.
https://doi.org/10.1016/j.jtho.2017.08.002. PMID: 28818606; PMCID: PMC5659942.



Curr. Oncol. 2022, 29, 520 6633

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Patil, T.; Smith, D.E.; Bunn, P.A.; Aisner, D.L.; Le, A.T.; Hancock, M.; Purcell, W.T.; Bowles, D.W.; Camidge, D.R.; Doebele, R.C.
The Incidence of Brain Metastases in Stage IV ROS1-Rearranged Non-Small Cell Lung Cancer and Rate of Central Nervous
System Progression on Crizotinib. . Thorac. Oncol. 2018, 13, 1717-1726. https://doi.org/10.1016/j.jtho.2018.07.001. PMID:
29981925; PMCID: PMC6204290.

Gainor, ].F.; Tseng, D.; Yoda, S.; Dagogo-Jack, I.; Friboulet, L.; Lin, J.J.; Hubbeling, H.G.; Dardaei, L.; Farago, A.F.; Schultz, K.R.;
et al. Patterns of Metastatic Spread and Mechanisms of Resistance to Crizotinib in ROS1-Positive Non-Small-Cell Lung Cancer.
JCO Precis. Oncol. 2017, 2017, PO.17.00063. https://doi.org/10.1200/PO.17.00063. PMID: 29333528; PMCID: PMC5766287.

Lin, J.J.; Choudhury, N.J.; Yoda, S.; Zhu, V.W.; Johnson, T.W.; Sakhtemani, R.; Dagogo-Jack, I.; Digumarthy, S.R.; Lee, C.; Do,
A.; et al. Spectrum of Mechanisms of Resistance to Crizotinib and Lorlatinib in ROS1 Fusion-Positive Lung Cancer. Clin. Cancer
Res. 2021, 27, 2899-2909. https://doi.org/10.1158/1078-0432.CCR-21-0032. PMID: 33685866; PMCID: PMC8127383.

Zou, H.Y.; Li, Q.; Engstrom, L.D.; West, M.; Appleman, V.; Wong, K.A; McTigue, M.; Deng, Y.L.; Liu, W.; Brooun, A ; et al. PF-
06463922 is a potent and selective next-generation ROS1/ALK inhibitor capable of blocking crizotinib-resistant ROS1 mutations.
Proc. Natl. Acad. Sci. USA 2015, 112, 3493-3498. https://doi.org/10.1073/pnas.1420785112. PMID: 25733882; PMCID: PMC4371934.
Bauer, T.M.; Shaw, A.T.; Johnson, M.L.; Navarro, A.; Gainor, J.F.; Thurm, H; Pithavala, Y.K.; Abbattista, A.; Peltz, G.; Felip, E.
Brain Penetration of Lorlatinib: Cumulative Incidences of CNS and Non-CNS Progression with Lorlatinib in Patients with
Previously Treated ALK-Positive Non-Small-Cell Lung Cancer. Target. Oncol. 2020, 15, 55-65. https://doi.org/10.1007/s11523-
020-00702-4. PMID: 32060867; PMCID: PMC7028836.

Hochmair, M.].; Fabikan, H.; Illini, O.; Weinlinger, C.; Setinek, U.; Krenbek, D.; Prosch, H.; Rauter, M.; Schumacher, M.; W&ll,
E.; et al. Later-Line Treatment with Lorlatinib in ALK- and ROS1-Rearrangement-Positive NSCLC: A Retrospective, Multicenter
Analysis. Pharmaceuticals 2020, 13, 371. https://doi.org/10.3390/ph13110371. PMID: 33171712; PMCID: PMC7694976.

Landi, L.; Tiseo, M.; Heukamp, L.C.; Menon, R.; Spitaleri, G.; Cortinovis, D.L.; Delmonte, A.; Galetta, D.; D’ Arcangelo, M.;
D'Inca, F.; et al. Secondary ROS1 mutations and lorlatinib sensitivity in crizotinib-refractory ROS1 positive NSCLC: Results of
the prospective PFROST trial. Ann. Oncol. 2019, 30 (Suppl. 5), v602-v660. 10.1093/annonc/mdz260.

Keddy, C.; Shinde, P.; Jones, K.; Kaech, S.; Somwar, R.; Shinde, U.; Davare, M. A. Resistance Profile and Structural Modeling of
Next-Generation ROS1 Tyrosine Kinase Inhibitors. Mol. Cancer Ther. 2022, 21, 336-346. https://doi.org/10.1158/1535-7163.MCT-
21-0395. PMID: 34907086; PMCID: PM(C8828706.

Zhou, Y.; Jiang, W.; Zeng, L.; Mi, ].; Song, L.; Lizaso, A.; Mao, X; Yang, N.; Zhang, Y. A novel ROS1 G2032 K missense mutation
mediates lorlatinib resistance in a patient with ROS1-rearranged lung adenocarcinoma but responds to nab-paclitaxel plus
pembrolizumab. Lung Cancer 2020, 143, 55-59. https://doi.org/10.1016/j.lungcan.2020.03.019. PMID: 32208297.

Frost, N.; Christopoulos, P.; Kauffmann-Guerrero, D.; Stratmann, J.; Riedel, R.; Schaefer, M.; Alt, J.; Giitz, S.; Christoph, D.C,;
Laack, E.; et al. Lorlatinib in pretreated ALK- or ROS1-positive lung cancer and impact of TP53 co-mutations: Results from the
German early access program. Ther. Adv. Med. Oncol. 2021, 13, 1758835920980558. https://doi.org/10.1177/1758835920980558.
PMID: 33613692; PMCID: PMC7876585.

Roeper, J.; Falk, M.; Chalaris-RiSmann, A.; Lueers, A.C.; Ramdani, H.; Wedeken, K.; Stropiep, U.; Diehl, L.; Tiemann, M.;
Heukamp, L.C.; et al. TP53 co-mutations in EGFR mutated patients in NSCLC stage IV: A strong predictive factor of ORR, PFS
and OS in EGFR mt* NSCLC. Oncotarget 2020, 11, 250-264. https://doi.org/10.18632/oncotarget.27430. PMID: 32076486; PMCID:
PMC6980625.

Roeper, J.; Christopoulos, P.; Falk, M.; Heukamp, L.C.; Tiemann, M.; Stenzinger, A.; Thomas, M.; Griesinger, F. TP53 co-
mutations as an independent prognostic factor in 2nd and further line therapy-EGFR mutated non-small cell lung cancer IV
patients treated with osimertinib. Transl. Lung Cancer Res. 2022, 11, 4-13. https://doi.org/10.21037/tlcr-21-754. PMID: 35242623;
PMCID: PM(C8825660.

Yu, Y.; Ou, Q.; Wu, X,; Bao, H,; Ding, Y.; Shao, Y.W.; Lu, S. Concomitant resistance mechanisms to multiple tyrosine kinase
inhibitors in  ALK-positive = non-small cell lung  cancer. Lung Cancer 2019, 127, 19-24.
https://doi.org/10.1016/j.lungcan.2018.11.024. PMID: 30642546.

Song, P.; Zhang, F.; Li, Y.; Yang, G.; Li, W.; Ying, J.; Gao, S. Concomitant TP53 mutations with response to crizotinib treatment
in patients with ALK-rearranged non-small-cell lung cancer. Cancer Med. 2019, 8, 1551-1557. https://doi.org/10.1002/cam4.2043.
PMID: 30843662; PMCID: PMC6488212.

Wang, W.X,; Xu, CW,; Chen, Y.P.; Liu, W.; Zhong, L.H.; Chen, F.F.; Zhuang, W.; Huang, Y.J.; Huang, Z.Z.; Chen, RR; et al.
TP53 mutations predict for poor survival in ALK rearrangement lung adenocarcinoma patients treated with crizotinib. J. Thorac.
Dis. 2018, 10, 2991-2998. https://doi.org/10.21037/jtd.2018.04.98. PMID: 29997966; PMCID: PMC6006073.

Kron, A.; Alidousty, C.; Scheffler, M.; Merkelbach-Bruse, S.; Seidel, D.; Riedel, R.; Ihle, M.A.; Michels, S.; Nogova, L.; Fassunke,
J.; et al. Impact of TP53 mutation status on systemic treatment outcome in ALK-rearranged non-small-cell lung cancer. Ann.
Oncol. 2018, 29, 2068-2075. https://doi.org/10.1093/annonc/mdy333. PMID: 30165392; PMCID: PMC6225899.

Costa, D.B. TP53 mutations are predictive and prognostic when co-occurring with ALK rearrangements in lung cancer. Ann.
Oncol. 2018, 29, 2028-2030. https://doi.org/10.1093/annonc/mdy339. PMID: 30265285, PMCID: PMC6225888.

Gen, L.; Xu, H.; Zhao, J.; Kong, J.; Ai, X.; Yu, F.; Du, K,; Zhu, L.; Li, L.; Ma, H.; et al. Concurrent TP53 mutation adversely impact
the efficacy of crizotinib in ROSl-rearranged Ilung cancer patients. ] Clin. Oncol. 2019, 37, e20535.
https://doi.org/10.1200/JCO.2019.37.15_suppl.e20535.



Curr. Oncol. 2022, 29, 520 6634

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Rolfo, C.; Mack, P.C.; Scagliotti, G.V.; Baas, P.; Barlesi, F.; Bivona, T.G.; Herbst, R.S.; Mok, T.S.; Peled, N.; Pirker, R.; et al. Liquid
Biopsy for Advanced Non-Small Cell Lung Cancer (NSCLC): A Statement Paper from the IASLC. J. Thorac. Oncol. 2018, 13,
1248-1268. https://doi.org/10.1016/j.jtho.2018.05.030. PMID: 29885479.

Zhu, V.W,; Zhao, ].].; Gao, Y.; Syn, N.L.; Zhang, S.S.; Ou, S.I.; Bauer, K.A.; Nagasaka, M. Thromboembolism in ALK+ and ROS1+
NSCLC patients: A systematic review and meta-analysis. Lung Cancer 2021, 157, 147-155.
https://doi.org/10.1016/j.lungcan.2021.05.019. PMID: 34049720.

Zugazagoitia, J.; Biosca, M.; Oliveira, J.; Olmedo, M.E.; Démine, M.; Nadal, E.; Ruffinelli, ].C.; Mufioz, N.; Luna, AM,;
Hernandez, B.; et al. Incidence, predictors and prognostic significance of thromboembolic disease in patients with advanced
ALK-rearranged non-small cell lung cancer. Eur. Respir. J. 2018, 51, 1702431. https://doi.org/10.1183/13993003.02431-2017. PMID:
29563169.

Schatz, S.; Falk, M,; Jéri, B.; Ramdani, H.O.; Schmidt, S.; Willing, E.M.; Menon, R.; Groen, H.J.M.; Diehl, L.; Kroger, M.; et al.
Integration of Tumor Mutation Burden and PD-L1 Testing in Routine Laboratory Diagnostics in Non-Small Cell Lung Cancer.
Cancers 2020, 12, 1685. https://doi.org/10.3390/cancers12061685. PMID: 32599951; PMCID: PMC7353063.

Miiller, J.N.; Falk, M.; Talwar, J.; Neemann, N.; Mariotti, E.; Bertrand, M.; Zacherle, T.; Lakis, S.; Menon, R.; Gloeckner, C.; et al.
Concordance between Comprehensive Cancer Genome Profiling in Plasma and Tumor Specimens. . Thorac. Oncol. 2017, 12,
1503-1511. https://doi.org/10.1016/j.jtho.2017.07.014. PMID: 28751246.

Gerlinger, M.; Rowan, A.J.; Horswell, S.; Math, M.; Larkin, J.; Endesfelder, D.; Gronroos, E.; Martinez, P.; Matthews, N.; Stewart,
A.; et al. Intratumor heterogeneity and branched evolution revealed by multiregion sequencing. N. Engl. ]. Med. 2012, 366, 883—
892. https://doi.org/10.1056/NEJMo0al113205. Erratum in N. Engl. ]. Med. 2012, 367, 976. PMID: 22397650; PMCID: PMC4878653.
Ramon Y Cajal, S.; Sesé, M.; Capdevila, C.; Aasen, T.; De Mattos-Arruda, L.; Diaz-Cano, S.J.; Hernandez-Losa, J.; Castellvi, J.
Clinical implications of intratumor heterogeneity: Challenges and opportunities. ]. Mol. Med. 2020, 98, 161-177.
https://doi.org/10.1007/s00109-020-01874-2. PMID: 31970428; PMCID: PMC7007907.

Lakis, S.; Heukamp, L.C.; Griesinger, F. Detection of Discrepant Driver Mutations in a Patient with Two Synchronous Primary
Non-Small Cell Lung Cancers (NSCLCs) with Liquid Biopsy. J. Thorac. Oncol. 2017, 12, el86—e188.
https://doi.org/10.1016/j.jtho.2017.07.018. PMID: 29074212.

Russano, M.; Napolitano, A.; Ribelli, G.; Iuliani, M.; Simonetti, S.; Citarella, F.; Pantano, F.; Dell’Aquila, E.; Anesi, C.; Silvestris,
N.; et al. Liquid biopsy and tumor heterogeneity in metastatic solid tumors: The potentiality of blood samples. J. Exp. Clin.
Cancer Res. 2020, 39, 95. https://doi.org/10.1186/s13046-020-01601-2. Erratum in J. Exp. Clin. Cancer Res. 2020, 39, 120. PMID:
32460897; PMCID: PMC7254767.

Shaw, A.T.; Riely, G.J.; Bang, Y.J.; Kim, D.W.; Camidge, D.R.; Solomon, B.].; Varella-Garcia, M.; Iafrate, A.J.; Shapiro, G.I.; Usari,
T.; et al. Crizotinib in ROS1-rearranged advanced non-small-cell lung cancer (NSCLC): Updated results, including overall
survival, from PROFILE 1001. Ann. Oncol. 2019, 30, 1121-1126. https://doi.org/10.1093/annonc/mdz131. PMID: 30980071;
PMCID: PMC6637370.

Christopoulos, P.; Kirchner, M.; Bozorgmehr, F.; Endris, V.; Elsayed, M.; Budczies, ].; Ristau, J.; Penzel, R.; Herth, F.J.; Heussel,
C.P,; et al. Identification of a highly lethal V3* TP53* subset in ALK* lung adenocarcinoma. Int. |. Cancer 2019, 144, 190-199.
https://doi.org/10.1002/ijc.31893. PMID: 30255938.

Katayama, R.; Gong, B.; Togashi, N.; Miyamoto, M.; Kiga, M.; Iwasaki, S.; Kamai, Y.; Tominaga, Y.; Takeda, Y.; Kagoshima, Y.;
et al. The new-generation selective ROS1/NTRK inhibitor DS-6051b overcomes crizotinib resistant ROS1-G2032R mutation in
preclinical models. Nat. Commun. 2019, 10, 3604. https://doi.org/10.1038/s41467-019-11496-z. PMID: 31399568, PMCID:
PMC6688997.

Yun, M.R,; Kim, D.H.; Kim, S.Y.; Joo, H.S.; Lee, Y.W.; Choi, H.M.; Park, C.W.; Heo, 5.G.; Kang, H.N.; Lee, S.S.; et al. Repotrectinib
Exhibits Potent Antitumor Activity in Treatment-Naive and Solvent-Front-Mutant ROS1-Rearranged Non-Small Cell Lung
Cancer. Clin. Cancer Res. 2020, 26, 3287-3295. https://doi.org/10.1158/1078-0432.CCR-19-2777. PMID: 32269053.

Papadopoulos, K.P.; Borazanci, E.; Shaw, A.T.; Katayama, R.; Shimizu, Y.; Zhu, V.W,; Sun, T.Y.; Wakelee, H.A.; Madison, R.;
Schrock, A.B.; et al. U.S. Phase I First-in-human Study of Taletrectinib (DS-6051b/AB-106), a ROS1/TRK Inhibitor, in Patients
with Advanced Solid Tumors. Clin. Cancer Res. 2020, 26, 4785-4794. https://doi.org/10.1158/1078-0432.CCR-20-1630. PMID:
32591465.



